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PROCESS FOR SEPARATING AND RECOVERING 3-HYDROXYPROPIONIC 

ACE) AND ACRYLIC ACID 



FIELD OF THE INVENTTON 

This invention relates to a process for separating and recovering 3- 
hydroxypropionic acid from an aqueous solution comprising 3-hydn)xypropionic acid, 
acrylic acid and/or other acid impurities. The aqueous solution may be obtained from' 
any one of multiple preparation routes of 3-hydroxypropionic acid, such as hydration of 
acrylic acid, 

The invention also relates to separation and recovery of acrylic acid from 
solutions comprising acrylic acid and an organic extractant. There are provided two 
processes for separating and recovering acryUc acid from the solution. Li a first process, 
a solution comprising acrylic acid and an organic extractant is subjected to back 
extraction with water to recover the acrylic acid from the extractant. In another process, 
a solution comprising acrylic acid and an organic extractant having a boiling point lower 
than 1 OQo C is distiUed in tiie presence of water to distill ti,e extractant. resulting in an 
aqueous acrylic acid solution. 

Furthermore, the invention includes combining both the process for separating 
and recovering 3-hydroxypropionic acid and the process for separating and recovering 
acryUc acid. TTiis allows for die recycling of acrylic acid, and organic extractant. 
providing economic advantages. 

BACKGROT JKm OF THE INVPNTTHM 



Various methods for separating and recovering 3-hydroxypropionic acid from 
aqueous solution comprising 3.hydroxypropionic acid and acrylic acid are known. 
Included within such metiiods is distilling acryUc acid from the aqueous solution. 
Further, it is known that acrylic acid in the aqueous solution is extracted witii ethyl 



an 



acetate. 
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SUMMARY OP THP. nivir f ^ ^c^j 

I. is «co«ii„gly „ object of the present invention to provide . batcl> or 
c^tmuons process for sep«.,ing and recoveHng 3.h^x„„opionic ecid flom en 
>^ sohdon con-prising 3.|,yd™„p,opionic ecid. acrylic acid and/or other acid 

»pun.iesby.solven.e««ction with any orga„ic«,t,ac.a„toa,er than ethyl acetate 
thst auows for separation and recovery of S-hydroxypropiomc acid. It is a ttaher object 

oftomv»tio.top,ovideap,ocessforsepara.i„gandrecove,i.g3*^^ 
"d m mgb efficiency, as compared to the use of ethyl acetate, and at high purity. 

It .s also an object ofthis invention toprovideabach or co„ti«„,„s process lor 
recoverrng acryUc acid and nsgenemting e«r.ct«tt for reuse, lion, an «ryBc acid- 

extractant solution. 

Asmifteherobieaof this invention is top^videaprocess for separating and 
"covenng 3-hydro,ypr„piomc acid ftom an aqu«>us solution comprising 3- 

hydr™,>propionicacid,acrylicacid.and/oro.her acid impuriHes. that also incWesthe 

separattonandrecvery of acrylic acidftonrsoludonscomprisingacyUcacidand a. 
organic extractant 

^»'>»*-o'>jec,sandadvan.agcsofth.pr«.ntinvendon»illb.appa,ent 
to tt»se stalled in the an from a« allowing detailed description a.,d clainu, 

■"^'^^wid.theprescntinv.nhon.i.hasbeenfoundtha.theahov.andsmi 
fteher objects are achieved by extracting acyUc acid and/or other acid in,p„ri,ies Iron, 

»a<,ue™ssolu.ionalsoco„,prisin63-h,dn.x«>ropionicacidw^^ 
accept ed,y, ac«ate. Acrylic add may be reeve,*, fion, the extractant thereby enabling 
extract and acyhc acid .» he tecycled for reuse. Tl,e a,ueous solution remaining 
after acryhc acid ^.traction by «,e extractant comprises 3.hyd«,xypropionic acid 

™«""^t is orgamc. and is a. least relatively immiscible with an «,ueous 
so uhon rewriting i„ a separate phase. The extractant is selected fi«n an alcohol, ether, 
ester (excludmg edryl acetate). k«o„c amide, a phosphorus ester, halogenated 
compound, aromaUccompound.phosphineoxide.phosphinesulf,de,alkyl sulfide and 
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mixtures thereof. The extraction may be conducted in any manner, for example in 
counter cunent. coH:un*nt or cross current extraction system utilizing any equipment 

such that the separation and r«coveryof3.hydroxypn,piomcacidtoacrylic acid c» 
be achieved. 

The 3-hydroxypropionic acid recovered by the present process is a known 
compound havingmany applications, and the product herein is useful in such 
applications. In particular, 3-hydrox)propionic acid is knovm as being a useful 
mtermediate in the preparation of various organic materials. 

In a further embodiment of the present invention, there are provided two 

processes for separating and recovering acrylic acid fromasolution comprising ac^^ 
aad and organic extractant. A fir.t process comprises subjecting a solution comprising 

acryhc acid and organic extractant to back extnu^tion with water, usmg any conventional 
techmque. to separate and recover the acrylic acid fiom tiie exhactant. 

A second process for separating and recovering acrylic acid from a solution 
compnsing acinic acid and organic extiactant where the organic extiactant has a boiling 

pomt lower thanlOOoc. comprises distilling the solution, in thepresenceofwater to 
distdl the organic extractant, thereby resulting in an aqueous acrylic acid solution 

Another embodiment of the present invention comprises combining the process 
for separating and recovering 3-hydroxypropionic acid from a solution comprising 3- 

hydroxypropionic acid and acrylic acid, as described herein, withaprocessfor separating 
and recovering acrylic acid from a solution comprising acrylic acid and an organic 
extractant. as described herein. This combined process allows for recovering and 
recycling acrylic acid and/or extractant, providing economic advantage. 

DETAILED DESCRIPTTOM n v THE INVFNTTom 

Li accordance with the present invention, it has been found that the above and still 
fimher objects are achieved by extracting aciylic acid and/or other acid imp«^^^^ 
an aqueous solution also comprising 3.hydroxypropionic acid with an organic extiactant 

Acryhcacidmay be recovered fiom the organic extiactant thereby enabling the organic 
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extractant and acryUc acid to be recycled. The aqueous solution remaining after acrylic 
acid extraction by the organic extractant comprises 3-hydroxypropionic acid. 

The extractant is organic, and is at least relatively immiscible with an aqueous 
solution resulting in a separate phase. The exttactant is selected fitwn an alcohol, ether, 
ester (excluding ethyl acetate), ketone, amide, a phosphorus ester, halogenated 
compound, aromatic compound, phosphine oxide, phosphine sulfide, alkyl sulfide, and 
mixtures thereof. The extraction may be conducted in any manner, for example, in 
counter current, co-cunent or cross current extraction system utilizing any equipment 
such that the separation and recovery of 3-hydn)xypropionic acid fiom acrylic acid can 
be achieved. 

In a fiuther embodiment of the present invention, tfiere arc provided two 
processes for separating and recovering acryUc acid firom a solution comprising acryUc 
acid and organic extractant. A first process comprises subjecting a solution comprising 
acrylic acid and organic extractant to back extinction with water, using any conventional 
technique, to separate and recover the acrylic acid from the exti-actant. 

A second process for separating and recovering acrylic acid from a solution 
comprising acryhc acid and organic exti-actant where the extiactant has a boiling point 
lower ttian 100» C, comprises distilling the solution, in the presence of water, to distill the 
exti-actant, thereby resulting in an aqueous acrylic acid solution. 

Anotiier embodiment of the present invention comprises combining tiie process 
for separating and recovering 3-hydroxypropionic acid Gmai a solution comprising 3- 
hydroxypropionic acid and acrylic acid, as described herein, with a process for separating 
and recovering acryUc acid from a solution comprising acrylic acid and an organic 
exti-actant, as described herein. This combined process allows for recovering and 
recycling acrylic acid and/or extractant, providing economic advantage. 

As mentioned above, in the process for separating and recovering 3- 
hydroxypropionic acid herein, the exti-actant used in tiie process of tiie present invention 
is at least relatively immiscible with an aqueous solution resulting in a separate phase. 
The extiactant used in the present invention is selected preferably fiom an alcohol, ether, 
ester (excluding ethyl acetate), ketone, amide, a phosphorus ester, halogenated 
compound, aromatic compound, phosphine oxide, phosphine sulfide, alkyl sulfide, and 



caua/m3 

follows: 

Ex«nplay alcohols suiubte for u« « cxt«cta.t to p,«em process have a 
formula ofROHta„hichRisC-C« or ^,„««,^,g„„p,.„^^^ 

bnmched. optionally substituted by halogen, alkoxy. anuno. alkytoino. hytoxyl 
gtoups. cyclic alkyl groups, or a Q - C« an-1 group, optionally substituted by halogen, 
^oxy. annuo, alkylamino, „r hydroxyl groups. Exaniples are butaiol. amyl alcohol 
pentanol. hexanol. heptanol. octanol, decanol, dodecanol, 2-ethyI.l.hexanoI. 
tetiadecanol, cyclohexanol. benzyl dcohol. and mixtures thereof 

Exemplan,ethe«ismtrf,leforuseasext«ct««i„hepresentprocesshavethe 

ibm™UR,OR.i„ which R, and R^aromdividually similar or dissimilar, a^irepresenta 
C, -C^sanuated or unsatu™t«l alkyl group. Iin«u or branched, optionally substinned 
by halogen, alkoxy. ammo, alkylamino, hydroxyl groups, cyclic alkyl groups, or cyclic 
elher. or. C- Caryl group, optionally subsUmted by halogen, alkoxy. amino 
alkyl^mno. or hydroxyl groups. Examples are dieU>yl ether, dipropyl etiter. dii«,propy, 
«her, dibntyl ether, dihexyl ether, dioctyl ether, methyl t-butyl etiter. 24,utoxyethyl 
acetate, dibutylcaibilol. and mixnires ttieieof. 

Exemplary esters suitable for use as extractant in the present process have the 
forotula R,C(0)OR, in which R, and R. are individuaUy similar or dissimilar, and 
repjesem a C, - C« satiuated or unsan.ra,«l alkyl group, linear o, branched, optionally 
s«b«.ti.ted by h,log«w alkoxy. ami.^ alkylamino, h,*,xyl groups, cyclic alkyl groups 

or lactone^^aC-C^aryl group. op««,aUysubsti-mtedbybalogen,alkoxy.amino 

.lkybmino.orhydroxyl groups. Examples are methyl acrylate. methyl propionate 
propyl acetate isop„py, ^^^^^ 

diediyl butyhnalonate. or mixtines thereof. 

Exemplary ketones suitable for use as extntttant in the present proc«ts have the 

fonnulaR,C(0)R, in which R, and R^aremdividually similar or dissunilar. and represa.. 
a C, - C„ sanirated or unsati»ated alkyl group. Bnear or branchoi, optionally substitirted 
by halogen, alkoxy. amino, alkylami*,. hydroxyl groups, cyclic alkyl gro^,s or 
cycloketones. or a C. - C„ aryl group, „p«„^,y ,y 
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alkylamino, or hydroxy! groups. Examples are methyl ethyl ketone, methyl isobutyl 
ketone, cyclohexanone, acetophenone, and mixtures thereof. 

Exemplary amides suitable for use as extractant in the present process have the 
foraiula R,C(0)NR2R3 in which Ri.Raand R3 are individually similar or dissimilar, and 
represent hydrogen, a C, - C24 saturated or unsaturated alkyl group, linear or branched, 
optionally substituted by halogen, alkoxy, amino, alkylamino, hydroxyl groups, or cyclic 
amides, or a - C,2 aryl group, optionally substituted by halogen, alkoxy, amino, 
alkylamino, or hydroxyl groups. Examples are N.N-dibutyl formamide, NJ^I-dibutyl 
acetamide, N,N-dipropyl propionamide. N,N-dibutyl hictamide, l-octyl.2-pyrrolidinone, 
l-dodecyl-2-pyrrolidinone, N,N-diediyl dodecanamide, and mixtures therwf. 

A halogenated compound, phosphorus ester, carbonate ester, phosphine oxide, 
phosphine sulfide, and alkyl sulfide is also suitable for use as extractant Exemplary are 
methylene chloride, chloroform, carbon tetrachloride, 1,2-dichloroethane, 
trichloroethane, tributyl phosphate, triphenyl phosphate, tritolyl phosphate, dimethyl 
carbonate, diethyl carbonate, trioctylphosphine oxide, dimethyl methylphosphonate, 
triisobutyl phosphine sulfide, dihexyl sulfide, diheptyl sulfide, and mixtures thereof 

Any of the extractants may be used alone or in combination with each other. For 
example, it may be usefiil to combine an ester extractant with alcohol and/or ether, 
ketone, amide, halogenated compound, phosphine oxide, phosphine sulfide or alkyl 
sulfide. 

In the process for separating and recovering the 3-hydroxypropionic acid by 
solvent extraction bom the solution comprising 3-hydroxypropiomc acid and acrylic 
acid, the extractant for acrylic acid extraction in the organic phase is present in an amount 
of about 1 to about 100 weight percent. The remainder of the componem in the organic 
phase is a saturated or unsaturated hydrocarbon solvent. 

The extractions of acryUc acid and/or other acid impurities, from the solution 
comprising 3-hydroxypropionic acid, is carried out at a temperature ranging fiom about 
0» C to about 100° C, preferably fiom about 20» C to about 40'» C. and more preferably, 
from about 20«C to about 25» C. The volmne ratio of the organic phase to the aqueous 
phase in the extraction stage ranges from about 20:1 to about 1 :20. preferably from about 
10:1 to about 1:10, and more preferably from about 5:1 to about 1:5. The extractions 



6 



CGL03/0043 

Theex«cao.«cart«l«,f„a„yp.Hod.f toe such d». ft. 3^,,^ 

wunler ouirent, tosarew or cross current mamier. 

ato fte aqueous phase compristag 3.hydn,xj^„,pi<,„i, acid is 

TO. .sauorga^c phaseteeomprises acrylic acid and/or «her add impuri^^ 
and extracunt h, one e™h«taen. for sepa^Mog and recovering acryUc add iton, 

tt.so.uhon comprising aco^Uc acid and exhaciant absolution is back exuactedwid, 

wa.er.Accorii„g,y,U,eac,ylic.cidisreceredlroma»o,g,„icph.se.»dd,e 
ex.rac.an, is regenerated. Tlre regenerated ex,ractan,n»ybe.«yc.ed forusein fte 

sepanuio.andr.cove.yoftheS^ydroxypropionicacid.Tiebackex.rachonof.he 
acryiK^add^t^tamsoi^ionisc™^ 

^ 13»-C.prefe«b.yfion,about50«C..abo.. ,40- C. When U» temperaute 
««cds lOO-C, .he extraction is earned out under pressure. The volume mio of the 
organrc Phase to the aqueous phase ranges iron, abou, 20., to about 1:20. preferably flom 
about .0.-, toabout I:10.«,dn,„reprefe,ab.yfron,abou.5:l .oabou. 1:5. Hebl 

extraction with water iscaniedou. in anymannerand With anyextractioncdprnen. to 
any penod of tfme such U,a, U,e back extraction is achieved For example. a,e back 

ex.,actionmaybecaniedoutinamuiastag..x.„ctioncolumnh,countercu™«co. 
current or cross current manner. 

■^'"•"^""'^"".bodimentfbraepa.atingandrecoveringacry.icacidftoma 
solution compristog acylic acid, orgamc extia«ant and/or other acid impurities. 1, ti,is 

poce^tib^ganicphasethatcontainamamly acrylic acid and/oromer^^^ 
sub,.c..dtod,stinatio„.f,^,„^,^^^^^_,^^^^^^^^^^_^^^^P^ 

bavrngai^iU 

fteextiaction for reus, to extiact acrylic acid. He distillation of extiactant may be 
earned out, in ti,e presence of water, to accordance with any manner, under any 

conditions. such ti-atthedistillationisactoeved. Preferably ti-edistillationtemperatureis 

nogrea,era,anlOO«Candth.pressureisless.ha„ore,ua.toatinospbericpressure For • 

sample. ti-edistilMon of extiactan,maybec.medouta,anypressure.andatany 
temperature, ' 
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The volume ratio ofthe organic phase to the aqueous phase in the extraction stage 

rangeslh,mabom 20:1 to about l:20.preferablyfh,m about 10:1 to about l:10.andm 
preferably fiom about 5: 1 to about 1 :5. Tkc extraction is carried out in accordance with 

any manner and with any extraction equipment in anyperiodoftime such that the 

extraction is achieved. For example, the extraction may be carried out inamultistage 
extraction column in counter current, co-current or cross currem mamier. 

The process for separating and recovering 3-hydroxypropionic acid herein by 
solvent extraction fiom a solution comprising S-hydroxypropionic acid, acrylic acid 
and/or other acid impurities, may be combined with any of the processes herein for 
separating and recovering acrylicacid fiom extiactant solutions comprising the acrylic 

a«d. T^eP^^essesmaybecombinedinanymam^ertoprovideaneconomicadvantage 
by allowmg recovery and reuse of acryHc acid and extractant. 

The invention will be more readily understood by reference to the following 
examples. There are, of course, many other fom,s of this invention which will become 

obvious to one skilled in the art. once the invention has been folly disclosed, and it will 

accordmgly be recognized tiiattiiese examples are given for the purpose ofiUustiation 
only, and are not to be construed as limiting ti,e scope of this invention in any way. 

EXAMPLES 

m the following examples, products were analyzed by high pressure Uquid 
chromatography (HPLC), described as follows: 

High Pressure T .Vp. ^ Chmmafnff ra phv (HPlJT) 

HPLC - the products fiom Uie process were analyzed using a Waters 1 525 Binary 
HPLCpump. equipped with a Waters 717 plus Autosampler, and Waters 2410 Refiactive 
Index and Waters 2487 Dual Lambda Absorbance detectors, having a Bio-Rad HP87-H 
column. 0.004 N sulforic acid as the mobile phase, a flow rate of 0.6 ml/min. and a 
column temperature of 60° C. 
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Example 1 

In this example, there were utilized five (5) aqueous stock solutions. The aqueous 
stock solutions comprise 3-hydroxypropionic acid and acrylic acid. In each of the five 
aqueous stock solutions, the concentration of 3-hydioxypropionic add is approximately 
two times higher than the concentration of the acrylic acid. The aqueous stock solutions 
are shown in the following Table 1 . 



Table 1 

Concentration of acryUc acid and 3.hydroxypiopionic acid in stock solutions. 



Aqueous Stock Solution 
No. 

1 

2 
3 


Cone, of acrylic 
acid in stock 
solution, wt. % 

0.67 

3.33 

6.67 


Cone, of 3- 

hydroxypropionic acid 
in stock solution, wt.% 

1.34 

6.67 


Cone, of total 
acids in stock 
solution, wt. % 
2.01 
10.00 


4 
5 


9.99 
12.51 


13.34 
19.98 
25.05 


20.01 
29.97 
37.56 



In carrying out the following extractions of 3-hydroxypropionic acid and acrylic 
acid fiom aqueous stock solutions comprising 3-hydroxypropionic acid and acrylic acid, 
the following organic extractants were used: 



a 


Decanol 


b. 


Methyl isobutyl ketone (MiBK) 


c. 


Isopropyl ether 


d. 


Methyl acrylate 


e. 


Methyl propionate 


f 


Methylene chloride (CH2CI2) 


& 


Toluene 


h. 


Isopropyl acetate 


i. 


Ethyl acetate 


j- 


50/50 wt% Tributyl phosphate (TBP) and ISOPAR-K isoparaffinic 




hydrocarbon available fi-om Exxon Mobil Corporation 
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The extraction procedure utilized in the Examples herein for separating and recovering 3- 
hydroxypropionic acid and acrylic acid from aqueous solutions comprising 3- 
hydroxypropionic acid and acrylic acid is carried out as follows: 

1. To a 15 ml centrifuge tube 5 ml of an acid stock solution and an 
extractant were added. Masses of the empty centiifuge tube, the aqueous solution and 
extractant were recorded. 

2. The tube was placed on a platform shaker and the contents in the tube 
were mixed at 230 rpm for 30 minutes at 22»C (ipm designates revolutions per minute). 

3. At the end of mixing, the tube was centiifixged at 4500 ipm for 5 minutes. 

4. The volumes of the aqueous and extractant phases in the tube were 
recorded. 

5. The aqueous phase was separated fiom the extractant phase and the 
masses of both phases were recorded. 

6. The acrylic acid and the 3-hydroxypropionic acid in the aqueous solution 
were analyzed by HPLC. 

7. The concentrations of acrylic acid and 3-hydroxypropionic acid in the 
organic extractant were calculated by subtracting the concentrations of acrylic acid and 3- 
hydroxypropionic acid in the aqueous phase from the initial concentration in the stock 
solution. 

The results obtained for the extraction of the aqueous stock solutions described 
herein to separate and recover acryUc acid and 3.hydioxypropionic acid, utilizing the 
organic extractants a - j, described above, are reported in the following Table 2. 
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Table 2 

Extraction of Acrylic Acid (AA) and S-Hydioxypropionic Acid (3HP) fiom aqueous 
stock solutions using various extractants. 



Aqueous 
Stock 
Solution 
No 

T 



_4 
1 



Extractant 



Ethyl 
Acetate 



TBP/ 

ISOPAR-K 
hydrocarbon 

Decanol 



MiBK 

Isopropyl 
Ether 



Methyl 
Acrylate 



Acid in 
Aqueous 
Phase. wt% 



AA 

o!20 



0.97 
2.02 



3.18 



4.22 



0.13 



0.88 



2.56 



3.90 
0.31 



5.94 
0.23 



t.ll 
0.36 



5.92 



0.2S 
4 



51 



3HP 

Tl3 



5.77 



11.38 



17.08 



21.16 



1.15 



6.52 



13.62 



2 1.07 
1.37 



25.90 



1.32 



24.17 
1.30 



25.72 



1.24 



21.57 



Acid in 
Extractant 
Phase. wt% 



AA 
059 



2.87 



5.36 



7.53 



8.07 



0.55 



3.32 



5.39 



7^ 
0.47 



8.20 



0.59 



9.92 
0.44 



9.79 



0.45 



8.13 



3HP 

020 



1.21 



3.09 



5.17 



8.68 



0.23 



0.52 



1.01 



0.87 
0.03 



3.21 



0.03 



5.46 
0.04 



1.85 
0.07 



6.70 



Partition 

Coefficient, 

D' 



AA 
T96 



2.97 



2.66 



2.36 



1.91 



4.23 



3.80 



2.39 



1.51 



1.38 



2.51 



2.41 
1.20 



1.65 



1.82 



1.80 



3HP 
0.18 



0.21 



0.27 



0.30 



0.41 



0.20 



0.08 



0.07 



0.04 
0.02 



0.12 



0.02 



0.23 
0.03 



0.07 



0.06 



0.31 



Separation 
Factor, 



AA/3HP 



14.18 



9.79 



7.81 



4.66 



21.15 



47.27 



32.12 



44.51 
77.18 



11,13 



108.82 



10.69 
40.59 



22.91 



31.01 



5.80 



Methyl 
Propionate 



0.24 



1.22 



0.51 



4.54 



22.63 



0.06 



2.13 



8.55 



0.05 



5.54 



1.88 



0.25 



44.43 



7.69 



CH2CI2 



0.61 



1.39 



0.04 



0.06 



7.84 



25.05 



3.72 



0.53 



0.48 



0.02 



22.45 



Toluene 



Isopropyl 
Acetate 



0.69 



1.42 



10.57 



26.72 



0.24 
4.42 



ND 
2.47 



ND 



ND 



0.23 



1.28 



0.52 



0.06 



25.35 



8.95 



3.82 



2.19 



0.05 



2.02 0.15 



43.36 



13.43 



Partition coefficient, D. was calculated by dividing the acid concentration in the 
extractant phase by the acid concentration in the aqueous phase, for AA and 3HP. 

Separation factor, S. was calculated by dividing 4e partition coefficient of the acrylic 
acid by the partition coefficient of 3HP. 

ND means not detectable by HPLC. 



The separation factor. S. reported in Table 2 is an indicator of the effectiveness of 
the separation of 3-hydroxypropionic acid from acrylic acid by the process utilizing an 
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oiganic extractant. As the value of the separation factor, S, increases, the process is 
regarded as exhibiting a more effective separation of 3-hydroxypropiomc acid from 
acryhc acid. 

A review of the data observed in Table 2 reveals the following conclusions. 
When extracting aqueous stock solution number 5, that is regarded as a high acid 
concentration solution, since the total acid concentration was 37.56 weight %. the 
separation factor S. observed, when utilizing the process of the present invention vary 
from 5.8 to 22.91. As a comparison, when utilizing ethyl acetate as an extractant, which 
is not witiiin die present invention, the separation factor, S, has a value of 4.66. By 
comparison, and surprisingly and unexpectedly, it has been found that the present process 
that requires die utilization of specified organic extractants, in achieving die separation 
and recovery of acrylic acid and 3-hydroxypropionic acid from aqueous solutions 
comprising acrylic acid and 3-hydroxypropiomc acid, results in a separation factor, S. 
that is increased by 25% to 491%. relative to a process utilizing ethyl acetate as die ' 
organic exti^tant. 

Also observed from die data in Table 2, is die effectiveness of a process for 
exfraction of acrylic acid and 3-hydroxypropionic acid fixim aqueous solutions 
comprising 3-hydroxypropionic acid and acrylic acid, where die aqueous solutions have a 
low acid concentration, such as 2.01 weight %. in die case of stock solution number I. In 
diis situation, as in die situation of solutions having a high acid concentoation. die 
separation factor. S, is, surprisingly and unexpectedly, more effective when utilizing a 
specified organic extractant. More particularly, die data in Table 2 shows tfiat a process 
for separating and recovering acrylic acid and S-hydroxypropionic acid from an aqueous 
solution comprising acrylic acid and 3-hydroxypropionic acid, when utiUzing etfiyl 
acetate extractant. diat is not widiin the present invention, has a separation factor. S. of 
16.55. As shown in Table 2. the values ofdie separation factor. S. when using die ' 
present process, range from 21.15 to 108.82. When utilizing organic extractants diat are 
witiiin die present invention, as die data in Table 2 shows, die separation factor of die 
present process exceeds die value obtained when ethyl acetate is used as die organic 
extractant in die process for separating and recovering acrylic acid and 3- 
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hydroxypropionic acid. Indeed, the extent of the increase in value of the separation 
factor, S, is surprisingly and unexpectedly, ranging fiom 28% to 657%. 

Example 2 

In this example, there is shown the process for separating and recovering acrylic 
acid fiom a solution comprising acrylic acid and an organic extractant that has a boiling 
point lower than lOO' C. The process involves distillation of the solution, in the presence 
of water, to distiU the organic extractant having a boiling point lower than 100° C, 
resulting in an aqueous acrylic acid solution. 

More particularly, 18.5 grams of isopropyl ether, 3 grams of acrylic acid, and 9 
grams of distilled water were introduced into a 100 ml round bottom Hask. The organic 
extractant, isopropyl ether, that has a boUing point of 68» C at ambient temperature, was 
then distiUed fiom the solution. The distillation of the isopropyl ether organic extractant, 
was achieved by applying to the flask, containing the solution of acrylic acid, organic 
extractant and water, a reduced pressure of about 100 mm Hg. at room temperature 
(about 20-24" C). The distillation was completed in about 5 minutes. The resulting 
isopropyl ether distillate that was collected, and the remaining aqueous solution in the 
flask, were weighed, and the concentration of acrylic acid in both the isopropyl ether 
distillate and in the aqueous soluUon, were determined by means of titration. The amount 
of acrylic acid that remained in the flask as die aqueous solution was 91%. The amount 
of acrylic acid that was co-distilled with the isopropyl ether extractant was about 7%. A 
small amount of watw was also co-distilled. 

From the data of example 2, it is apparent that the process for separating and 
recovering acrylic acid from a solution comprising acrylic acid and an organic extractant 
that has a boiling point lower than 100" C, comprising distilling the solution in the 
presence of water, is effective. 
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Example 3 

Back Extraction of Acrylic Acid with Water at 22*0. 

To a 15 ml centrifuge tube, about 3 grams of one of the foUowing acrylic acid (AA) stock 
solutions and 3 ml of an organic extractant comprising 50/50 wt% tributyl phosphate- 
ISOPAR-K hydrocaiton were added. The tube was placed on a platform shaker and the 
contents in the tube were mixed at 230 rpm for 30 minutes at 22"C. After shaking, the 
tubes were centrifuged at 4500 rpm for five minutes. The aqueous phase was separated 
fiom the organic extractant. Both aqueous and organic phases were titrated to determine 
the concentration of acrylic acid in each phase. The results obtained for the back 
extraction of acrylic acid with water at 2T>C are shown in the following Table 3. 

Table 3 

Back Extraction of Acrylic Acid with Water from 50/50 wt% tributyl phosphate- 
ISOPAR-K hydrocarbon Extractant at 22*'C. 



Sample No. 



Stock Solution 
AA,wt% 



AA in Aqueous 
Phase, wt% 



AA in Extractant 
Phase, wt% 



Partition 
Coefficient, D' 



2 
3 
4 
5 



1.02 
4.91 
9.79 
14.67 
19.42 



0.2 
1.18 

2.8 
5.59 
8.04 



1.02 
4.57 
7.48 
10.42 
12.44 



5.10 
3.87 
2.67 
1.86 
1.55 



■Partition coefficien^ D. was calculated by dividing the acid concentration in the 
extractant phase by the acid concentration in the aqueous phase, for AA. 



Example 4 

Back Extraction of Acrylic Acid with Water at 60*0. 

For the back extraction of acrylic acid with water at 60»C. the same experimental 
procedure as described in example 3 was used except that the temperature was 60»C. TTie 
results obtained were listed in the following Table 4. 
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Table 4 



Back Extraction of Acrylic Acid with Water fiom 50/50 wt% tributyl phosphate 
ISOPAR-K hydrocarbon Extractant at GO^C. 



Back Extraction 
Temperature, ^'C 


Stock Solution 
AA.wt% 


AA in Aqueous 
Phase, wt% 


AA in Extractant 
Phase, wt% 


Partition 
Coeflicient,D 


60 


14.67 


6.25 


10.11 


1.62 



Example S 

Back Extraction of Acrylic Acid with Water at 140"*C. 

For the back extraction with water at MO'C. a Parr pressure reactor was used. To a 1 00 
ml Parr pressure reactor 27.1 grams of 9.82 wt% aqueous solution of acrylic acid and 
24.6 grams of an organic extractant comprising 50/50 wt% tributyl phosphate-ISOPAR-K 
hydrocarbon were added. The reactor was sealed, purged three times with nitrogen gas 
and then heated to 140*' C. The mixture was stirred at 100 ipm for 30 minutes. The 
mixture was allowed to settle for 2 hours while stirring at 30 ipm. After settling, the 
samples from the aqueous and organic phases were taken at MOT. Both phases were 
titrated for the concentration of acrylic acid. The results obtained are listed in the 
following Table 5. 



Table 5 

Back Extraction of Acrylic Acid with Water from 50/50 wt% tributyl phosphate- 
ISOPAR-K hydrocarbon Extractant at lAO'C. 



Back Extraction 
Temperature, ®C 


Stock Solution 
AA, wt% 


AA in Aqueous 
Phase, wt% 


AA in Extractant 
Phase, wt% 


Partition 
Coefllcient, D 


140 


9,82 


4.12 


5.11 


1.24 



From the data in Examples 3, 4. and 5, it is observed that back extraction may be carried 
out, and that acryUc acid and extractant can be recycled. It is further apparent from the 
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data in Ex^^les 3. 4. »d 5 ««« b«* «ln«lio„ is p«(e«bly earned o« . 

temperature. 

Example 6 

An aqueous solution comprising 9.99 wt. % acrylic acid and 19 98 wt% 3 
h,dn>x,p™piomc acid is placBi in a vessel, and mixed with an equal volume of an 
Ciamc extn««a« comprising 50 m.% tributyl phosphate in ISOPAR-K hydrocarbon 
The vessel is placed on a shaker at 230 .pm for 30 minutes at 22-C. «,d then the mixture 
.s centriftged at 4500 ,pm for 5 minutes. orgamc phase is sq,arated the 
aqueous phase, and the quantity of acrylic add and 3-hydmx>p,opionic «:id in e«=h 

phase is detennin«l by roiC as p„viouslydescrih«i. The concentration of acrylic acid 
and S-hydroxypropionic acid in the organic extractant is exp.ct«l to be 7.15 «. % ami 
0.87 M.% respectively. The conc««ration of acrylic acid and 3-hydrox,propiomc acid in 
the «i«eous phase is expected to be 3.90 vrt.% and 21.07 wt.% tespectively. 

The above orgaiyc phase, containing 7.15 wt.% acrylic acid, is phced in a Pair 
reactor and mixed with equal weight of distilled water. TOe reactor is pur^ severd 
times with nitiogen, and then heated to lA(fC. The mixtur* is sti™i a ,00 rpm for 30 
mmutes, and stirred at 30 n>m for 2 hours to allow tire phases to separate Tie 
concentration of acrylic acid in the organic and «,«eo«s phases is detenniued The 
organic phase is expected to comprise approximately 3.72 wt.% of acryUc add, and the 
aqueous phase is expected to comprise approximately 2.99 wt!4 acryhc acid 

M""i«»«««'™=tions of the initial aq»»„ssohl«on with organic extractant and 
subsequent multistage extractions of the acrylic add-hden extiactan, wid, water is 

expected to result in almost complete separation of S-hydroxypropiomc acid from acryBc 
acid. This enables flie acrylic add as well as the extractant to be recycled. 

Example 7 

An aqueous solution comprising 12.51 wt% Acrylic add and 25 05 wt % 3- 
hydroxypmpionic acid is placed in a vessel, and mixed with an equal vohmie of 
Isopropyl ether. Tlie vessel is placed on a shaker at 230 rpm for 30 mmu,« at 22-C and 

U.enti»m,xti«isc.„hifuged«4500n.mfbr5minutes.TVorganicphaseissep^,ed 
*om die aqueous phase, ami the quantity of acrylic acid aid 3.hydroxypropionic acid in 
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each phase is detennined by HPLC as previously described. TTie concentration of acrylic 
acid and 3-hydroxypropionic acid in the organic extractant is expected to be 
approximately 9.79 wt.% and approximately 1.85 wt.% respectively. Multistage 
extractions may be performed to achieve almost complete separation of acrylic acid fiom 
3-hydn}xypiopionic acid. 

The above approximately 9.79 wt.% acrylic acid in isopropyl ether is mixed with 
distilled water (10:3 ratio), and introduced into a flask. The isopropyl ether is removed 
by distillation at a reduced pressure of approximately 100 mm Hg. and room temperature. 
The distillation is expected to be complete within a few minutes. The aqueous solution 
remaining in the flask is expected to contain approximately 25 wt.o/„ acrylic acid. TTie 
aqueous acrylic acid and the distiUed isopropyl ether can be recycled. 

From examples 6 and 7, it is expected that multistage extraction can give almost 
complete separation of acrylic acid (AA) and 3-hydroxypropionic acid (3-HP), thus 
yielding a relatively pure 3-HP product. Further, it is expected that the acrylic acid and 
extractant can be recycled. 

The invention has been described above in detail with particular reference to 
specific embodiments thereof, but it will be understood that variations and modifications 
other than as specifically described herem can be effected within the spirit and scope of 
the invention. 
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CLAIMS 

WE CLAIM: 

1. A process for separating and recovering 3-hydroxypropionic acid from an 
aqueous solution comprising 3-hydroxypropionic acid and acrybc acid, comprising 
contacting the aqueous solution with an organic extractant, other than ethyl acetate. 

2. The process according to Claim 1 wherein the organic extractant is 
selected from the group consisting of an alcohol, an ether, an ester, a ketone, an amide, a 
phosphorus ester, a halogenated compound, an aromatic compound, a phosphine oxid J. a 
phosphine sulfide, an alkyl sulfide, and mixtures thereof 

3. The process according to Claim 1 wherein the organic extractant is 
selected from the group consisting of decanol, methyl isobutyl ketone, isopropyl ether, 
methyl acrylate, methyl propionate, methylene chloride, toluene, isopropyl acetate, 
tributyl phosphate and mixtures thereof 

4. The process according to Claim 1 wherein the organic extractant is presem 
in an amount ranging from about 1 to about 100 weight percent 

5. The process according to Claim 1 wherein the temperature ranges from 
about O'C to about 100° C. 

6. The process according to Claim 1 wherein the volume ratio of organic 
phase to aqueous phase ranges fiom about 20:1 to about 1 :20. 

7. A process for separating and recovering acrylic acid from a solution 
comprising acrylic acid and an organic extractant comprising back extracting the solution 
with water. 

8. The process according to Claim 7 wherein the temperature ranges from 
about 0° C to about ISCC. 

9. The process according to Claim 7 wherein the volume ratio of organic 
phase to aqueous phase ranges from about 20: 1 to about 1 :20. 

10. A process for separating and recovering acrylic acid from a solution 
comprising acryUc acid and an organic extractant having a boiling point lower than 
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lOO'C, comprising distilling the solution, in the presence of water, to distiU the organic 
extractant. 

11. The process according to Claim 10 wherein the distillation temperature is 
no greater than lOO'C and the pressure is less than or equal to atmospheric pressure. 

12. The process according to Claim 10 wherein the organic extractant is 
isopropyl ether. 

13. A process for separating and recovering 3-hydroxypropionic acid and 
acrylic acid from an aqueous solution comprising 3-hydroxypropionic acid and acryUc 
acid comprising: 

a. contacting the aqueous solution with an organic extractant, other 
than ethyl acetate, to extract the acryUc acid, with an aqueous solution remaining that 
comprises 3-hydroxypropionic acid, and; 

b. back extracting a solution comprising acrylic acid and an organic 
extractant, other flian ethyl acetate, with water. 

14. The process according to Claim 13 wherein the organic extractant is 
selected from the group consisting of an alcohol, an ether, an ester, a ketone, an amide, a 
phosphorus ester, a halogenated compound, an aromatic compound, a phosphine oxide, a 
phosphine sulfide, an alkyl sulfide, and mixtures thereof. 

15. The process according to Claim 13 wherein the organic extractant in the 
organic phase is present in an amount ranging from about 1 to about 100 weight percent 

16. A process for separating and recovering 3-hydroxypropionic acid and 
acrylic acid from an aqueous solution comprising 3-hydroxypropionic acid and acrylic 
acid comprising: 

a. contacting the aqueous solution with an organic extractant, other 
than ethyl acetate, that has a boiUng point lower than 100° C, to extract the acrylic acid, 
with an aqueous solution remaining that comprises 3-hydroxypropionic acid, and; 

b. distilling a solution comprising acrylic acid and an organic 
extractant, other than ethyl acetate, that has a boiling point lower than 100» C, in the 
presence of water to distill the organic extractant. 
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ABSTRACT 

Disclosed is a process for separating and recovering 3-hydroxypropiomc acid 
from an aqueous solution comprising 3-hydrox>propionic acid and acrylic acid, 
comprising contacting the aqueous solution with an organic extractant, other than ethyl 
acetate. Also disclosed are processes for separating acrylic acid from aqueous solutions 
comprising acrylic acid and an organic extractant involving back extraction with water, 
or distillation in the presence of water. Further disclosed is a process for separating and 
recovering 3-hydroxypropiomc acid and acrylic acid from an aqueous solution 
comprising 3-hydTOxypropionic acid and acrylic acid. 
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